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rhenium supported on an inorganic oxide support pro-.
moted with an organoborane compound. More specifi-
cally, the invention relates to the uses of an organobo-
rane compound promoted molybdenum and rhenium
supported on an inorganic oxide support for the produc-
tion of linear alpha olefins from a mixture of internal
olefins and ethylene. The invention also relates to the
application of the described promoted catalyst for the
production of 1,6-heptadiene and 1,6-octadiene from
the ‘reaction of cyclopentene with ethylene and propy-
lene, respectively, and the fact that the presence of
organoborane in the catalyst allows the reaction to be
carried out at very mild temperature while obtaining
high product selectivity.
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OLEFIN DISPROPORTIONATION CATALYST
AND PROCESS

FIELD OF THE INVENTION

This invention relates to a catalyst for use in the dis-
proportionation of olefinic hydrocarbons compnsing at
least one of molybdenum and rhenium supported on an
inorganic oxide support promoted with an organobo-
rane compound and a process for the disproportionation
of olefinic hydrocarbons comprising contacting at least
one olefinic hydrocarbon with a catalyst comprising at
least one of molybdenum and rhenium supported on an
inorganic oxide support promoted with an organobo-
rane compound.

This invention also relates to the application of such
a catalyst system for the production of alpha olefins
from internal olefins and ethylene. The same catalyst
system is further used to prepare 1,6-heptadiene from
cyclopentene and ethylene, and 1,6-octadiene from
cyclopentene and propylene.

BACKGROUND OF THE INVENTION

Reactions of olefinic molecules in the presence of
metal-containing catalysts to produce other olefinic
molecules are known in the art as *“‘disproportionation’”
reactions. The olefin disproportionation reaction can be
visualized as the breaking of two existing double bonds
between the first and second carbon atoms, and be-
tween the third and fourth carbon atoms, respectively.
and the formation of two new double bonds, such as
between the first and third carbon atoms and the second
and fourth carbon atoms, respectively. A typical olefin
disproportionation process is illustrated by U.S. Pat.
No. 3,261,879, issued July 19, 1966, to Banks. wherein
two similar non-symmetrical molecules of an olefin
react in the presence of certain catalysts to produce one
olefin of a higher carbon number and one olefin of a
lower carbon number. For example, propylene dispro-
portionates by the process of U.S. Pat. No. 3,261,879 to
produce ethylene and butylenes. -

A variation of this disproportionation process. which
might be termed *‘reverse disproportionation™ 1s illus-
trated by the Netherlands Patent No. 6514985 of British
Petroleum Company Limited, published May 20, 1966,
wherein, in one modification molecules of two dissimi-
lar olefins are reacted to form two molecules of a single

olefin product, e.g., ethylene and 2-butene react to form
propylene.

Another variation of this process, being conveniently
termed ‘“ring opening disproportionation” to distin-
guish it from other variations, is disclosed by Nether-
lands Patent Application No. 6702703 of Phillips Petro-
leum Company, published Aug. 24, 1967, wherein a
cyclic olefin and an acyclic olefin react to form a single
product molecule. For example, ethylene reacts with
cyclopentene by “ring opening disproportionation’” to
produce 1,6-heptadiene. |

As used in this application, *‘disproportionation pro-
cess” is meant to include all variations of disproportion-
ations.

A variety of catalysts have been employed for con-
ducting disproportionation reactions, such as those dis-
closed in U.S. Pat. No. 3,340,322, issued Sept. 5, 1967,
U.S. Pat. No. 3,637,892, issued Jan. 25, 1972; U.S. Pat.
No. 3,760,026, issued Sept. 18, 1973; U.S. Pat. No.
3,792.108, issued Feb. 12, 1974; U.S. Pat. No. 3,872,180,
issued Mar. 18, 1975; and Brnitish Patent Specification
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2
No. 1,128,091, published Mar. 16, 1966. Among the
catalysts that have been developed for disproportion-
ation include inorganic refractory materials containing
molybdenum and/or tungsten oxide.

Several patents disclose the use of promoter to en-
hance the disproportionation catalyst activity. Elemen-
tal metal promoters selected from the group consisting
of barium, magnesium, tungsten, silicon, antimony, zinc,
manganese and tin are disclosed in U.S. Pat. No.
4,568,788, issued Feb. 4, 1986, U.S. Pat. No. 4,522,936,
issued June 11, 1985, U.S. Pat. No. 4,524,235, 1ssued
June 18, 1985 and U.S. Pat. No. 4,629,719, 1ssued Dec.
16, 1986. In addition, organometallic compounds, such
as aluminum and tin alkyls to promote solid catalysts
including molybdenum and rhenium oxide for the dis-
proportionation are disclosed in U.S. Pat. No.
4,454,368, issued June 12, 1984 and U.S. Pat. No.
3,829,523, issued Aug. 13, 1974.

It is an object of this invention to provide a catalyst
system with novel promoters for olefin disproportion-
ation at high activity. Another object is to provide a
catalyst system adapted for high efficiency reaction and
high selectivity to alpha olefin production from internal
olefins and ethylene. The catalyst system 1s required to
produce alpha olefins without significant olefin isomeri-
zation and ethvlene polymerizations. It is a further ob-
ject of this invention to maintain the improved results of
the novel promoters of this catalyst system when used
with a cyclic olefin reactant which is more reactive than
a non-cyclic olefin and thus has a tendency to polymer-
ize and an ethylene or propylene reactant to produce
1,6-heptadiene and 1,6-octadiene, which are useful
chemical intermediates. Simply stated, the catalyst sys-
tem may be used in the presence of a novel promoter
and give desired cross-metathesis products from ethyl-
ene without side reactions.

Ah additional advantage is evidenced by the fact that
reactions can be carried out at ambient temperature
during the process, and the process requires no addi-
tional heat or energy activation sources.

The alpha olefin production from internal olefins and
ethylene (i.e.,, ethenolysis) was reported by using
Re>O5-on-alumina catalyst at 140° C. 1in U.S. Pat. No.
3,647,906, issued Mar. 7, 1972. However, the purities or
selectivities to alpha olefins were not reported. In U.S.
Pat. No. 3,658,927, issued Apr. 25, 1972 and Journal of
Catalysis, 7, 269-276 (1967), a heterogeneous molybde-
num oxide catalyst at high temperature was used for
ethenolysis. The reaction produced alpha olefin with
either low conversion or low selectivity.

Dienes prepared from cyclic olefins and ethylene
using rhenium, molybdenum and tungsten catalysts are
disclosed in U.S. Pat. No. 3,878,262, issued Apr. 15,
1975, U.S. Pat. No. 3,424,811, 1ssued Jan. 28, 1969, and
U.S. Pat. No. 3,792,102, issued Feb. 12, 1974, However,
the use of molybdenum oxide catalysts to prepare dienes
at high yield at room temperature is not disclosed. For
example, in U.S. Pat. No. 3,981,940, issued Sept. 21,
1976, the synthesis of 1,9-decadiene from cyclooctene
and ethylene using molybdenum oxide catalyst pro-
moted by organoaluminum compound gave only 8%
conversion at room temperature.

The present invention is therefore directed to a
method of improving the activity of a disproportion-
ation catalyst for converting olefins into olefins having
different numbers of carbon atoms than the feed olefinic
hydrocarbons, particularly to a method of improving
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the yield of alpha olefins and dienes prepared from
ethviene reactions.

SUMMARY OF THE INVENTION

This present invention relates to a disproportionation
catalyst comprising at least one of molybdenum and
rhenium supported on an inorganic oxide support pro-
moted with an organoborane compound and to a pro-
cess for preparing a disproportionation catalyst com-
prising forming a calcined composite comprising at
least one of molybdenum and rhenium supported on an
inorganic oxide support and contacting the calcined

10

composite with an organoborane compound. The in-

vention further relates to a process for the dispropor-
tionation of olefinic hydrocarbons comprising contact-
ing at least one olefinic hydrocarbon with a catalyst
comprising at least one of molybdenum and rhentum
supported on an inorganic oxide support promoted with
an organoborane compound.

It has been found that the activity of a disproportion-
ation catalyst can be improved by contacting the cata-
lyst with an organoborane compound under conditions
suitable for the organoborane compound to promote the
activity of molybdenum and rhenium oxides. The activ-
ity of the disproportionation catalyst can be enhanced
up to several orders of magnitude rate increase by the
presence of organoborane, thus enabling the dispropor-
tionation reaction to be carried out at ambient tempera-
ture with advantages of high reaction productivity and

product selectivity.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the process of the instant invention, the dispropor-
tionation of an olefinic hydrocarbon is accomplished by
contacting one or more olefinic hydrocarbons with a
disproportionation catalyst comprising at least one of
molvbdenum and rhenium supported on an norganic
oxide support in the presence of an organoborane pro-
moier.

Olefins which are suitable for disproportionation
according to the instant invention are nontertiary, non-
conjugated acyclic monoolefins and polyolefins having
at least 2 carbon atoms per molecule including cycloal-
kyl, cvcloalkeny! and aryl derivatives thereof; cychc
and polycyclic monoolefins and polyolefins having at
least 3 carbon atoms per molecule including alkyl and
arvl] derivatives thereof; mixtures of the above olefins;
and mixtures of ethylene and the above olefins. A useful
group of olefin feed matenals are acyclic olefins having
carbon numbers ranging from C; to about Csg, prefera-
bly from C;3 to about Cjig, and cyclic olefins having
carbon numbers ranging from Cg4to about C3p. Nonter:
tiary olefins are those olefins wherein each carbon
atom, which 1s attached to another carbon number by
means of a double bond, is also attached to at least one
hydrogen atom.

Some specific examples of acyclic olefins suitable for
disproportionation according to this invention are acy-
clic 1- and 2-alkenes, and alkyl and aryl derivatives
thereof having from 2 to 30 carbon atoms per molecule.
Some specific examples of such olefins are propylene,
1-butene, 2-butene, l-pentene, 2-pentene, l-hexene, 2-
heptene, 1-oCtene, 2-nonene, 1-dodecene, 2-tetradecene,
I-hexadecene, 2-methyl-1-butene, 2-methyl-2-butene,
3-methyl-1-butene, I-phenylbutene-2, 3-heptene and the
like, and mixtures thereof.
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Some specific examples of cyclic olefins suitable for
disproportionation according to this invention are cy-
clobutene, cyclopentene, cycloheptene, cyclooctene.
5-n-propylcyclooctene, cyclodecene, cyclododecene,
3,3,5,5-tetramethylcyclononene, 3,4,5,6,7-pentaethylcy-
clodecene, 1,5-cyclooctadiene, 1,3,9-cyclododeca-
triene, 1.4,7,10-cyclododecatetraene, 6-methyl-6-ethyl-
cyclooctadiene-1,4 and the like, and mixtures thereof.

The olefin feed should be essentially free of impurites
which adversely affect the reaction. A subsequent reac-
tivation of the catalyst to remove the effect of such
impurities can be made repeatedly by heat treatment
with air, using an inert gas to control burn-off tempera-
ture.

The disproportionation catalyst in the instant inven-
tion is prepared by forming a calcined composite com-
prising at least one of molybdenum and rhenium sup-
ported on an inorganic oxide support and contacting the
calcined composite with a promoting amount of an
organoborane compound. The inorganic oxide support
comprises a solid usually containing a major proportion
of silica or alumina. Such materials are commonly
known as refractory oxides and include synthetic prod-
ucts as well as acid-treated clays or the crystalline alu-
mina silicates known in the art as molecular sieves.
Synthetic refractory oxides include stlica, alumina, sili-
ca-alumina, silica-magnesia, silica-titania, alumina-
titania, alumina-magnesia, boria-alumina-silica, alumina-
zirconia, thoria and silica-titania-zirconia. Preferred
inorganic oxide supports are alumina refractory oxides,
i.e., refractory oxides containing a substantial propor-
tion of alumina, e.g., at least about 90 percent by weight
of alumina. Any conventional catalytic grade of alu-
mina including the beta or gamma forms can be used.
Generally, the inorganic oxide support has a surface
area of at least 10 m2/g and preferably, the surface area
is from about 25 m2/g to 800 m?/g.

The molybdenum and/or rhenium can be combined
with the inorganic oxide support in any conventional
method such as dry mixing, ion-exchange, coprecipita-
tion, impregnation and the like. For example, a 10-100
mesh alumina can be impregnated with an aqueous
solution containing molybdenum salts, such as ammo-
nium heptamolybdate or ammonium dimolybdate.

In a preferred embodiment, the disproportionation
catalyst in the instant invention is a molybdenum oxide
prepared by impregnating alumina with an aqueous
molybdenum impregnation solution. The aqueous mo-
lybdenum solution consists of a water-soluble source of
molybdenum oxide such as ammonium heptamolybdate
or ammonium dimolybdate dissolved in water. Hydro-
gen peroxide may also be used to aid in solution prepa-
ration in some cases. For example, the molybdenum
solution can be prepared by adding hydrogen peroxide
to the solution in an amount in the range of from about
0.1 to about 1.0 mole of hydrogen peroxide per mole of
molybdenum. Optionally, a suitable soluble amine com-
pound such as monoethanolamine, propanolamine or
ethylenediamine may be added to the molybdenum
solution 1n order to aid in stabilization of the solution.

Following impregnation, the resulting material 1is
dried and calcined. Drying is accomplished by conven-
tional means. It may be carried out by forced draft
drying, vacuum drying air drying or similar means.
Drying temperatures are not critical and depend upon
the particular means utilized for drying. Drying temper-
atures will typically range from about 50° C. to about
150° C.
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After drying, the material i1s calcined to produce the
finished catalyst. The material may be calcined in an
oxidizing or neutral atmosphere, although air 15 pre-
ferred. However, if binders and/or lubricants are used
the material is heated in an oxygen-containing atmo-
sphere, preferably air, in order to burn out the binders
and lubricants. Calcining temperatures will typically
range from about 300° C. to about 600° C. Burn-out
temperatures will depend on the concentration of oxy-
gen in the burn-out atmosphere as well as the burn-out
time involved. Typically, burn-out temperatures wiil
range from about 300° C. to about 600° C. Drying,
calcining and burn-out may be combined in one or two
steps. Most frequently the calcining and/or burn-out
steps are combined using an oxygen-containing atmo-
sphere.

The final calcined composites typically contain from
about 1 percent by weight to about 18 percent by
weight, preferably from about 5 percent by weight to
about 15 percent by weight, and more preferably from
about 6 percent by weight to about 12 percent by
weight molybdenum and from about 1 percent by
weight to about 20 percent by weight, preferably from
about 5 percent by weight to about 15 percent by
weight, and more preferably from about 6 percent to
about 12 percent by weight rhenium. When mixtures of
molybdenum and rhenium are utilized, the final catalyst
typically contains from about 1 percent by weight to
about 32 percent by weight molybdenum and/or rhe-
nium. These types of catalysts are well known in the art
and reference can be prepared according to the prior
art, such as but not limited to aforementioned U.S. Pat.
No. 3,261,879 and U.S. Pat. No. 3,365,513 (both of
which are incorporated by reference herein) for more
specific details about these types of catalysts.

The supported molybdenum and/or rhenium oxide
composites are preferably subjected to a pretreatment
prior to contact with the organoborane compound.
While pretreatment is usually accomplished by contact-
ing the catalyst with an oxygen-containing gas at ele-
vated temperatures, other activation methods such as
heating under a vacuum, or contact with various gases
such as nitrogen or argon at high temperatures, can be
used. One function served by this type of pretreatment
is to convert the molybdenum and/or rhenium compo-
nents into the form of the oxide if these components are
not initially provided in these forms. The temperature,
contact times, and other conditions of pretreatment
have been reported in the prior art and are generally the
same conditions which are utilized to activate a dispro-
portionation catalyst. Typically, the pretreatment con-
ditions include a temperature in the range of from about
300° C. to about 900° C. for about 30 minutes to about
24 hours.

In order to obtain the active catalyst composition of
the instant invention, the molybdenum and/or rhenium
oxide supported composition is treated with an or-
ganoborane compound. The promoting organoborane
compound can be combined with the molybdenum or
rhenium oxide supported compositions in any suitable
manner. For example, the molybdenum and/or rhenium
oxide supported composition can be impregnated with a
liquid diluent containing the organoborane compound
at ambient temperature up to 150° C. After impregna-
tion, the catalyst is then heated in an inért atmosphere,
such as nitrogen or argon, to remove the liquid diluent.
The temperature employed in removing the diluent and
activating can vary widely; however, temperatures In
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the range of about 25° C. to about 200" C. are preferred.
If desired, the promoter can be applied to the supported
molybdenum and/or rhenium oxide in a reaction zone
by spraving or otherwise contacting with the oxide. It 1s
also contemplated that the promoter can be introduced
along with the olefin feed as a means for contacting
with supported molybdenum and/or rhenium oxide.

In accordance with the invention, the calcined mo-
lybdenum and/or rhenium oxide refractory matenals
are treated with an effective promoting amount of an
organoborane compound and heated under conditions
to form a promoted catalyst. The organoborane pro-
moter should have at least one boron to carbon bond.
The preferred organoborane compounds are alkylbo-
ranes such as triethylborane, tri-sec-butylborane, tri-n-
butylborane, trimethylborane, tricyclohexylborane and
the like, with tri-sec-butylborane and triethylborane
being preferred. Suitable molybdenum or rhenium ox-
ide/organoborane molar ratios are typically in the
range of from about 0.1 to about 50, preferably from
about 1 to about 30 and more preferably, from about 1.5
to about 25. |

The disproportionation process of the invention can
be carried out either batchwise or continuously, using a
fixed catalyst bed, or a stirrer equipped reactor or other
mobile catalyst contacting process as well as any other
well known contacting technique. Preferred reaction
conditions, e.g., temperature, pressure, flow rates, etc.,
vary somewhat depending upon the specific catalyst
composition, the particular feed olefin, desired prod-
ucts, etc. The process is carried out at temperatures
ranging from about —10° C. to about 350° C. and at
pressures in the range of about 50 psig to about 2000
psig. The disproportionation reaction is usually effected
in a liquid phase and if desired, liquid reaction diluents
are utilized. Examples of suitable diluents are hydrocar-
bons free from aliphatic unsaturation, such as cyclic or
alicyclic alkanes of from 6 to 12 carbon atoms, 1.e. hex-
ane, isooctane and cyclohexane. Also exemplary would
be monoaromatic compounds such as benzene and tolu-
ene. If the diluent is added, it is present in amounts up to
20 moles of diluent per mole of olefinic reactants.

The operable range of contact time for the process of
this invention depends primarily upon the operating
temperature and the activity of the catalyst, which 1s
influenced by surface area, promoter concentration,
activation temperature, etc. In general, the distribution
of products is not drastically altered by vanation 1in
contact time. Shorter contact times are usually assoct-
ated with higher temperatures. With proper selection of
conditions and contact times, very high efficiency of
conversion to desired products can be obtained.

With a fixed bed reactor, continuous flow operation
at pressures in the range of about 50 psig to about 2000
psig, preferably about 100 psig to about 1000 psig, with
catalysts having densities ranging from about 0.3 gram
per cc to about 2.0 gram per cc and surface areas greater
than about 100 m2/g, and at temperatures in the range
of about — 10° C. to about 350° C., preferably at room
temperature, weight hourly space velocities in the
range of about 0.1 to about 10.0 parts by weight of
olefinic hydrocarbon feed per part by weight of catalyst
per hour are suitable. The space velocity is adjusted
according to changes in density of feed due to change of
pressure or temperature, and variation in reaction tem-
perature and the activity of the catalyst.

In one embodiment, desired carbon numbers of inter-
nal olefins can be prepared by disproportionation of less
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desirable alpha or internal olefins. By using organobo-
rane promoted helerogeneous catalysts, for example,
}-decene can be converted into 9-octadecene and ethyl-

ene (reaction 1):

2 CgHj+CH=CH- % CsH17CH=CHCgH;?» + CH>=CH:

l-decene 9-octadecene ethylene
and a mixture of internal decene isomers can be con-
veried to a number of internal olefins ranging from Cj
to Cis. Some of these products are usefu] as detergent
intermediates. When the promoted catalyst in the in-
stant invention is utilized in these reations, the advan-
tages over the use of a non-promoted catalyst are nu-
merous; the reactions can be carried out at room tem-
perature. increased reaction rate can be achieved, and
the reaction can be run conveniently without additional
energy supply.

In another embodiment, C3 to Cg alpha olefins with
good purity can be produced at room temperature from
the disproportionation of a mixture of internal decenes

and ethylene as described in reaction 2:

wherein n=0 to 6. Alpha olefins are used to produce a
number of useful products, including comonomers for
high density polyethylene (HDPE), linear low density
polvethylene (LLDPE), intermediates for synthetic
lube oils and lube oil additives, surfactants, paper s1zings
and specialty chemicals.

In another embodiment, dienes and trienes can be
produced by disproportionating cyclic olefins with
ethvlene. By wayv of illustration, cyclopentene can be
reacted with ethylene to form 1,6-heptadiene, cyclooc-
tene with ethvlene to form 1,9-decadiene and 1,5-
cyclooctadiene with ethylene to form 1,5-hexadiene.
The disproportionation reaction 1s conducted by con-
tacting cyclopentene with an excess of ethylene in the
presence of the catalyst of the instant invention, a dis-
proportionation catalyst comprising at least one of mo-
lybdenum and rhenium supported on an inorganic oxide
support and an organoborane promoter. When the pro-
moted catalyst in the instant invention i1s utilized 1n this
reaction, the advantages over the use of a non-promoted
catalyst are numerous; the reaction can be carnied out at
room temperature, and increased reaction rates can be
achieved, conversions of at least about 809 can be
achieved: and undesired side reactions, such as double
bond isomerization, are minimal.

In another embodiment, cyclopentene can be reacted
with propylene to produce 1,6-octadiene as the major
product. While trienes and tetrenes are formed as by-
products in this disproportionation reaction, the by-pro-
ducts can be recycled to produce the desired dienes,
thus making the reaction quite efficient. As is true with
the previously described embodiment, when the pro-
moted catalyst in the instant invention 1s utilized 1n this
disproportionation reaction, the advantages over the
use of a non-promoted catalyst are numerous; the reac-
tion can be carried out at room temperature, increased
reaction rates can be achieved; increased conversions
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can be achieved: and undesired side reactions, such as
double bond isomerization, are minimal.

The ranges and limitations provided 1n the instant
specification and claims are those which are believed to
particularly point out and distinctly claim the nstant
invention. It is, however, understood that other ranges
and limitations that perform substantially the same func-
tion in substantially the same manner to obtain the same
result are intended to be within the scope of the instant
invention as defined by the instant specification and
claims.

The process of the instant invention will be further
described below by the following examples which are
illustrative and which are not to be construed as limiting
the invention.

ILLUSTRATIVE EMBODIMENTS
Catalyst Preparation

The disproportionation catalysts utilized in the exam-
ples below were prepared using a conventional dry pore
volume impregnation technique.

A 129 MoO3/Al;0; catalyst was prepared as fol-
Jows. A solution suitable for impregnating 88 grams of
calcined alumina support with a pore volume of 1.0
cm/g was prepared as follows. An impregnation solu-
tion was made by combining 14.7 grams of ammonium
heptamolybdate, 5.7 grams of 30% hydrogen peroxide
and 32.4 grams of deionized water or enough water to
bring the solution to a total volume of 88 millihiters.
After adding the entire solution to the alumina support
in several small portions with intermediate agitations,
the impregnated support was dried overnight at 150" C.
and calcined in air for at least 2 hours at 550" C. and 1n
nitrogen for at least 1 hour at 550" C.

A 69 MoQ3/Al,0; catalyst was prepared as follows.
A solution suitable for impregnating 88 grams of cal-
cined alumina support with a pore volume of 1.0 cm/g
was prepared as follows. An impregnation solution was
made by combining 7.4 grams of ammonium hep-
tamolybdate, 2.9 grams of 309 hydrogen peroxide and
16.2 grams of deionized water or enough water to bring
the solution to a total volume of 44 milliliters. After
adding the entire solution to the alumina support In
several small portions with intermediate agitations, the -
impregnated support was dried overnight at 150° C. and
calcined in air for at least 2 hours at 550° C. and in
nitrogen for at least 1 hour at 550° C.

DISPROPORTIONATION OF 1-DECENE

Example |

To a 50 ml oven-dned round bottomed flask equipped
with a magnetic stir bar and a three-way stopcock was
added 129 molybdenum oxide on alumina catalyst (2.0
g, 1.7 mmoles MoQO3), 1-decene (20 ml, 105 mmoles) and
tri-sec-butylborane (0.031 g, 0.17 mmoles) under nitro-
gen atmosphere. The mixture was then stirred at room
temperature. Periodically, samples were taken and ana-
lyzed by glc. The products were further identified by
gc-mass spectrometry and other analytic means. This
example demonstrates high catalyst activity at room
temperature for l-decene disproportionation to Cig
olefins. The results of the disproportionation reaction
are presented in Table 1.

Example 2

The disproportionation was carried out in the same
manner as Example 1 except that triethylborane (0.017
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g, 0.17 mmoles) was used in place of tri-sec-butylborane
as promoter. The results of the disproportionation reac-
tion are presented in Table ].

Example 3

The disproportionation was carried out in the same
manner as Example 1 except that 9-BBN (9-borabicy-
clo[3,3,1lnonane (0.042 g, 0.35 mmoles) was used In
place of tri-sec-butylborane as promoter. The results of
the disproportionation reaction are presented in Table I.

10

10

clo[3,3,1]nonane) (0.042 g, 0.35 mmoles) was used 1n
place of tri-sec-butylborane as promoter. The results of
the disproportionation reaction are presented in Table I.

Comparative Example B

The disproportionation was carried out in the same
manner as Example 4 except that no promoter was
present. The results of the disproportionation reaction
are presented in Table I.

As can be seen in Table I, low yield to Cygolefins was

obtained.
TABLE |

e ——
DISPROPORTIONATION OF 1-DECENE

Catalyst
Example 1

129 Mo(O3/A120;

Example 2 12% Mo03/Al20;

Example 3

12%% MoQ3/Al20;3

Comparative 12% MoO3:/A120;

Example A

Example 4 65 Mo0O3/A10;
Example 5 6% Mo03i/Al0:
Example 6 6% Mo0O3/AlO;

Comparative
Example B

6% MoO3/A1,0:3

Olefin Product Mixtures %

Reation _
Borane Added Time Unreacted

(Mmoles) (hr) Decenes Cis= Ci¢= Ci19= Ci187
Sec-BuiB 1 3] ] 3 9 36
(C.17) 3 18 2 5 14 35

| I8 9 5 10 18 21
Et3B ] 37 0 2 4 46
(0.1 3 26 ] 3 8 48
18 13 2 5 15 47

9-BBN ] 73 04 0.7 0.8 16
(0.35) 3 39 0.3 2 3 45
18 23 0.8 3 9 50

None 3 84 ~0 ~0 ~0 7
Sec-Bu3B } 28 0 2 yi 61
(0.17) 3 26 1 2 2 62
18 17 1 3 8 59

Et31B ] 42 ~0 2 2 46
(0.17) 3 16 0.5 2 4 61
18 16 1 4 11 54

9.BBN 3 56 0 i ] 33
(0.35) 18 19 ! 3 9 56
None 3 93 0 0 0 ]

-__-_-—________._—_‘__________—____—____-——-—_—ﬂ_-—_

Comparative Example A

The disproportionation was: carried out in the same
manner as Example 1 except that no promoter was
present. The results of the disproportionation reaction
are presented in Table 1.

As can be seen in Table I, low yield to Cigolefins was
obtained.

Example 4

To a 50 ml oven-dried round bottomed flask equipped
with a magnetic stir bar and a three-way stopcock was
added 6% molybdenum oxide on alumina catalyst (2.0
g, 0.83 mmole MoOj), 1-decene (20 ml, 105 mmoles)
and tri-sec-butylborane (0.031 g, 0.17 mmole) under
nitrogen atmosphere. The mixture was then stirred at
room temperature. Periodically, samples were taken
and analyzed by glc. The products were further identi-
fied by gc-mass spectrometry and other analytic means.
This example demonstrates high catalyst activity at
room temperature for l-decene disproportionation to
C;s olefins. The results of the disproportionation reac-
tion are presented in Table I.

Example 5

The disproportionation was carned out in the same
manner as Example 4 except that triethylborane (0.017
g, 0.17 mmoles) was used in place of tri-sec-butylborane
as promoter. The results of the disproportionation reac-
tion are presented in Table 1.

Example 6

The disproportionation was carried out in the same
manner as Example 4 except that 9-BBN (9-borabicy-

40

45

50

55
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DISPROPORTIONATION OF INTERNAL
DECENES AND ETHYLENE

Example 7

Example 7 involving the disproportionation of inter-
nal olefins and ethylene (ethenolysis) was carried out in
a 80 mL autoclave which was charged with 4.0 grams
of catalyst and a magnetic stir bar. The catalyst was
activated with a solution of the required amount of
tri-sec-butylborane (0.078 g, 0.43 mmoles) to give a
molybdenum oxide to tri-sec-butylborane molar ratio
(mole Mo/B) of 7.9. The catalyst was then suspended in
20.0 m) of internal decene. The borane solution was
added to the catalyst either before or after pressuriza-
tion with ethylene. The reaction was performed at am-
bient temperature (approximately 20.8°-24.8" C.) under
continuous pressure of purified ethylene, which was
supplied on demand. During sample collection, signifi-
cant amounts of volatiles were lost. By use of an internal

-standard, conversions are estimated to be at least 10%

greater than indicated by the amount of unreacted 1-
decene that remains. The results are presented in Table

H.
Examples 8-9

Examples 8-9 were carned out in the same manner as
Example 7, except that different molybdenum oxide to
tri-sec-butylborane molar ratios were use. The results
are presented in Table Il
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Comparative Example C

Comparative Example C was carried out tn the same
manner as Examples 7, except that no promoter was
present. The results of the disproportionation reaction
are presented in Table 1l.

It 1s noted a mixture of Cs to Co alpha olefins were
produced at ambient temperatures when the organo-
borane promoter was present. Reaction rates ranging
from 3.9-4.9 g 1-decene conversion/g catalyst/hr can be
achieved. The importance of the organoborane pro-
moter in the catalyst was evidenced in Comparative
Example C, which showed no significant amount of
alpha olefins was produced when the promoter was
absent from the system. It is noted that the high internal
olefin conversion at 86-96% can be achieved within 4.0
hr reaction time and, in some cases, alpha olefins prod-
uct selectivity were >999% for 1-pentene, >99% for
1-hexene, >98.4% for 1-heptene, >97.5% for l-octene
and >96.99¢ for l-nonene.

TABLE 1[I

10

IS

20

12

taken. The products were analyzed by gc, gc/mass
spectrum and nmr. The results are summarized 1n Table
II1. ,

The analyses showed in some cases >90% conver-
sion of cvclopentene with product selectivities for 1,6-
octadiene (409 selectivity), 1,6-heptadiene (13%), 2.7-
nonadiene (8%), trienes (Cy7, Ci3 and Ci4, 269) and
tetraenes (Cy7, Cig and Cyg, 10%). The cis- and trans-
1,6-octadiene products were isolated by distillation and
identified by nmr and gc-mass spectrometry. Product
linearities, determined by in situ hydrogenation/gc.
were 98.79% for C1, 99.5% for Csg, 98.3% for Cg, 98.6%
for Cyo, 99.39% for Ci3, 98.9% for Cia, 97.0% for Ci7
and 97.0% for C;s. The high linearity indicates the
good selectivity for metathesis products. The recycle of
heavy products, Cy3-C)4 trienes and C17-Cj9 tetraenes,
with propylene to produce more C7-Cq dienes has also
been demonstrated.

Examples 11-15

_DISPROPORTIONATION OF INTERNAL DECENES WITH ETHYLENE

Catalyst Conditions Product Distnibution
Wi % Mole Ca=  Reaction Weight Percent (Uncorrected)
MoQ: Mo/B PSI Time (Hrs) Cx Ce Cs Cg Ceg Cio Cin1~
Exampic 7 12.0 1.9 1300 0.5 0.6 2.3 7.2 119 195 3546 2.1
1300 1.0 1.0 37 119 199 324 253 3.6
1300 2.0 4.1 109 200 21.B 282 9.1 3.3
1300 4.0 2.9 0.7 203 241 32.1 4.0 4.0
Example 8 12.0 8.7 1300 0.5 1.2 53 11.9 135 187 453 2.7
1300 1.0 1.0 4.5 13.5 180 265 31.2 3.5
§300 2.0 1.0 4.6 }53 230 346 150 4.2
} 300 4.0 1.3 6.0 178 247 358 7.0 4.7
Example G 12.0 1.9 1300 0.5 0.5 2.1 6.5 97 154 619 2.1
1300 1.0 0.8 34 97 132 198 489 2.4
1300 2.0 0.9 39 11.5 165 251 36.6 3.3
1300 4.0 1.1 51 142 190 283 236 3.4
Comparative 12.0 No 1300 4.0 0.01 003 0.1 0.2 02 975 0.2
Evsample C Promoter

Examples 11-15 are carried out in the same manner as

DISPROPORTIONATION OF CYCLOPENTENE 40 Example 10 except that different molar ratios of molyb-

AND PROPYLENE
Example 10

129% MoOaz-on-alumina catalyst (4.0 g), cyclopentene
(14.7 g, 210 mmoles), propylene (16.8 g. 400 mmoles)
and tri-sec-butylborane (0.03 g, 0.17 mmoles) were
changed into a stainless steel autoclave equipped with a
stirrer, a pressure gague, and a pressure relief valve.
The mixtures were stirred at room temperature for 2
hours. An analytical sample at 1 hour reaction time was

45

denum oxide to trni-sec-butylborane were used. The
results are summarized in Table Iil.

Comparative Example D

Comparative Example D was carried out 1n a manner
similar to that in Example 10 except that there was no
tri-sec-butylborane promoter added. The results are
summarized in Table III. -

TABLE III
__DISPROPORTIONATION OF CYCLOPENTENE AND PROPYLENE

Starting
___Matenals Cat- Pro- Conv.
Cvclo- a- mo- /s
pen- Propy-  lyst ter (Cy- _
Ex- tenc lene T Mo/ Condi- clopen-
ample (mm) (mm) MoO: B® tions tene) CoHi»
10 210 400 12 20 28 70 13
C./
2 hrs
11 210 360 12 20 25-30° >90 15
C./
1 hr
12 320 680 9 7.5 20-29° > 90 13
C./
2 hr
13 430 640 6 5 25°C./ 89 4
2 hrs
14 320 300 12 7.5 24-30° 83 6

Dienes _
CgHjs CgHje CiaHao CiaHiax CiaHzs CyvHzg CigHio CroHsz

Product Distribution 9%(9)
Trienes

Tetraenes

40 8 7 15 4 3 6 2
35 10 6 12 9 4 4 I
30 10 6 13 3 4 8 3
15 8 6 20 9 7 21 8
26 5 D 19 3 4 13 2
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| TABLE IIl-continued
DISPROPORTIONATION OF CYCLOPENTENE AND PROPYLENE _

Starting
___Matenals Cat-  Pro- Conv.
Cyclo- a- mo- e
pen-  Propy-  lyst  ter (Cy- Product Distribution T ta) -
Eax- tene lene e Mo/ Condi- clopen- Dienes Trnenes Tetragnes
ample (mm) {(mm) MoO: B tions tene} CoHj;» CgHig Cqu CysHag CraH-y Ci4Hog Cang CigsHin CigHa-
C./
2 hrs
15 320 660 12 5 25° > 90 13 26 10 7 13 6 6 13 5
C./
2 hrs
Com- 320 700 12 No 24-30° <5 _— —_ — - — —_ — — —
para- Pro- C./
tive mo- 2.hr
Exam- ter
ple D
(IGC area Ge: Cj. Cq olefins and high molecular polyenes. are not included
(biGac.BusB was used. in molar ratio.
] claim as my invention: 20 on an inorganic oxide support and contacting the cal-

1. A disproportionation catalyst comprising at least
one of molybdenum and rhenium supported on an nor-
ganic oxide support promoted wnh an organoborane
compound.

2. The catalyst of claim 1 wherein said organoborane
compound is selected from the group consisting of trie-
thvlborane, tri-sec-butyulborane, diethylborane, ethyl-
borane, tricyclohexylborane, 9-borabicyclo(3,3,1]no-
nane, and mixtures thereof.

3. The catalyst of claim 2 wherein said organoborane
is selected from triethylborane and tri-sec-butylborane.

4. The catalyst of claim 2 wherein the molybdenum
and/or rhenium/organoborane molar ratio 1s in the
range of from about 0.1 to about 30.

5. The catalyst of claim 4 wherein the molybdenum
and/or rhenium/organoborane molar ratio is in the
range of from about 1 to about 30.

6. The catalyst of claim 5 wherein the molybdenum
and/or rhenium/organoborane molar ratio 1s in the
range of from about 1.5 to about 25.

7. The catalyst of claim 1 wherein said disproportion-
ation catalyst contains from about 1 percent by weight
to about 18 percent by weight molybdenum.

8. The catalyst of claim 7 wherein said disproportion-
ation catalyst contains from about 5 percent by weight
to about 15 percent by weight molybdenum.

25

30

35

45

9. The catalyst of claim 8 wherein said disproportion-

ation catalyst contains from about 6 percent by weight
tc about 12 percent by weight molybdenum.

10. The catalyst of claim 1 wherein said dispropor-
tionation catalyst contains from about 1 percent by
weight to about 20 percent by weight rhenium.

11. The catalyst of claim 10 wherein said dispropor-
tionation catalyst contains from about 5 percent by
weight to about 15 percent by weight rhenium.

12. The catalyst of claim 11 wherein said dispropor-
tionation catalyst contains from about 6 percent by
weight to about 12 percent by weight rhenium.

13. The catalyst of claim 1 wherein said inorganic

50

55

oxide support is selected from the group consisting of 60

silica, alumina, silica-alumina, silica-magnesia, silica-
titania, alumina-titania, alumina-magnesia, bona-
alumina-silica, alumina-zirconia. thoria, silica-titania-
zirconia and mixtures thereof.

14. The catalyst of claim 13 wherein said 1norganic
oxide support 1s alumna.

15. A process for preparing a disproportionation cata-
lyst comprising forming a calcined composite compris-
ing at least one of molybdenum and rhenium supported

65

cined composite with an organoborane compound.

16. The process of claim 15 wherein said organobo-
rane compound is selected from the group consisting of
triethylborane, tri-sec-butylborane, tricyclohexylbo-
rane, diethylborane, ethylborane, 9-borab1cyclo[3 3,1-
Jnonane and mixtures thereof.

17. The process of claim 16 wherein said organobo-
rane is selected from triethylborane and tri-sec-butylbo-
rane.

18. The process of claim 16 wherein the molybdenum
and/or rhenium/organoborane molar ratio is in the
range of from about 0.1 to about 50.

19. The process of claim 18 wherein the molybdenum
and/or rhenium/organoborane molar ratio is 1 the
range of from about 1 to about 30.

20. The process of claim 19 wherein the molybdenum
and/or rhenium/organoborane molar ratio 1s i the
range of from about 1.5 to about 25.

21. The process of claim 15 wherein said dispropor-
tionation catalyst contains from about 1 percent by
weight to about 18 percent by weight molybdenum.

22. The process of claim 21 wherein said dispropor-
tionation catalyst contains from about 5 percent by
weight to about 15 percent by weight molybdenum.

23. The process of claim 22 wherein said dispropor-
tionation catalyst contains from about 6 percent by
weight to about 12 percent by weight molybdenum.

24. The process of claim 15 wherein said dispropor-
tionation catalyst contains from about 1 percent by
weight to about 20 percent by weight rhemum.

25. The process of claim 24 wherein said dispropor-
tionation catalyst contains from about 5 percent by
weight to about 15 percent by weight rhenium.

26. The process of claim 25 wherein said dispropor-
tionation catalyst contains from about 6 percent by
weight to about 12 percent by weight rhenium.

27. The process of claim 15 wherein said inorganic

oxide support is selected from the group consisting of

silica. alumina, silica-alumina, silica-magnesia, sihca-
titania, alumina-titania, alumina-magnesia, bona-
alumina-silica, alumina-zirconia, thoria, silica-titania-
zirconia and mixtures thereof.

28. The process of claim 27 wherein said inorganic
oxide support is alumina.

29. The process of claim 18 wherein said composite 1s
calcined by activating with an oxygen-containing gas at
a temperature of from about 300° C. to about 800" C.

prior to the addition of the organoborane promoter.
* % * % %
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